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0 Printing apparatus and method. 

® A method and apparatus for printing multiple 
pages written in page description format on a single 
sheet. The invention prints the multiple pages onto 
the single sheet by dynamically fitting the pages into 
the usable surface area of the sheet. To achieve the 
best fit. the invention determines a maximum scale 
factor for the multiple pages printed onto the sheet. 
This maximum scale factor is approximated by cal- 
culating a sheet layout which occupies tiie greatest 
percentage of the usable surface area of the sheet. 
Additionally, the invention provides for printing mul- 

ftiple pages on successive sheets allowing the user 
to specify margins on opposite edges of the face of 
the sheet are alternated. 
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BACKGROUND OF THE INVENTION 



This invention relates generally to the field of 
printer control and, more particularly, to printer 
control in which multiple pages are printed on a 
sheet. 

Prior to the introduction of laser printers, print- 
ing document files generated by computer was 
relatively simple using contact printing. Contact 
printers support a character set having a fixed 
number of characters. The slow speed with which 
the conventional dot matrix or contact printers pro- 
vided output information made high-speed commu- 
nication with the printers unnecessary. 

High-speed laser printers print photographic 
quality images by methods such as raster scanning 
by making use of a high-resolution printing tech- 
nique known as bit mapping. A bit map for a 
graphics image comprises a two dimensional array 
of data known as picture elements, or pixels, which 
constitute the image. In order to print an image, the 
print engine of a laser printer must receive a large 
amount of data corresponding to a bit map for each 
image produced. 

Laser printing exposed major flaws in other 
slow methods of outputting print information. That 
is, programs which output documents or files to be 
printed conventionally generate all the information 
for the print engine to use in printing out the image. 
This requires the generation of large amounts of 
data in order to transmit every pixei in the bit map 
for the image. The large quantity of information 
being transferred consumes a large portion of the 
resources of small computer systems and requires 
high-capacity communication links between the 
computer and the terminal. These features of laser 
printers result in the inefficient use of the potential 
output capacity of laser printers. 

Typical page description languages ease tiie 
problem of generating images for output on a laser 
printer and prevent the overloading of computer 
systems and communications networks utilizing a 
laser printer. Page description languages allow the 
computer system to express an image of a page of 
information in a minimal amount of storage space. 

Examples of application programs which gen- 
erate page descriptions are word processors, Il- 
lustrators, and computer aided design systems. 
Such an application program, as opposed to gen- 
erating an output consisting of a complete bit map 
of the Image to be printed out, generates an ex- 
ecutable program consisting of instructions in the 
page description language to be sent to the printer. 
The instructions are executed at the printer to 
produce the page image. 

The executable program written in Uie page 
description language consists of instructions inter- 



preted by the printer for generation of raster scan 
or other bit map information usable by the print 
engine for generating the image. For example, in 
order to print a portion of text on a page, the 

5 application program generates instructions in page 
description language spectfing the shape of the 
letters (i.e. the font), the size, the position, and the 
individual character designations. The laser printer 
uses these text parameters to generate a raster 

TO scan Image of the specified text. 

If graphic infonmation is printed out, the ap- 
plication program specifies in page description lan- 
guage the boundaries of each image and specifies 
how the boundries are to be filled In. as opposed to 

16 specifying each individual pixel to be generated by 
the laser printer. 

A variety of page description languages are 
conventionally used, including the PostScript® lan- 
guage published by Adobe Systems' Inc. and inter- 

20 press published by the Xerox Corporation. 

The principal advantage of page description 
languages is the elimination of unwieldy pixei ar- 
rays which are difficult to manipulate or create for 
smaller systems running application programs. 

25 Moreover, pixel arrays are usually generated 

for a particular printer device and therefore are 
device dependent. Utilization of a page description 
language enables an application program to pro- 
vide output to a variety of laser printers without 

30 modifying the format of the data provided as out- 
put. The application program simply generates the 
same page description program regardless of the 
printer Included in the computer system. 

Laser printers equipped to utilize page descrip- 

35 tion languages include an interpreter and a print 
engine. The interpreter is software which receives 
the page description language generated by the 
application program and reduces the high level 
page description language to a low level raster data 

40 format usable as input by the specific print engine. 
The Interpreter Is designed to translate any prob- 
lem written in a page description language into 
output data, which may be processed by tiie print 
engine or output device. 

45 Desktop publishing consists of producing high 

quality documents that have a type set appearance 
utilizing a small computer system, in desktop pub- 
lishing, printing is done by a laser printer rather 
than by traditional office printers that produce an 

50 image through contact printing. Desktop publishing 
systems are one example of an application pro- 
gram taking advantage of page description lan- 
guages. In desktop publishing, textual material and 
graphics may be combined into the same docu- 
ment on the same pages. However, once each 
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page Is defined, most desktop publishing systems 
do not allow for modification by printing out pages 
in altered formats to accommodate different docu- 
ment styles. For example, once a document has 
been fonmatted so that the pages print out one 
page to a sheet, there is usually no facility to 
change to a system where two pages may be 
printed on one sheet to conserve paper and facili- 
tate binding. 

Desktop publishing systems such as 
PageMaker by Aldus Corporation allow a user to 
construct sheets to be printed out having more 
than one page on the sheet. However, this format- 
ting must be done while the document is being 
produced. Once the document is formatted In this 
manner, there is no provision to alter the output 
format. 

In the prior art, there are simple programs 
written in page description languages enabling a 
user to print out more than one page on a single 
sheet without revising the entire document These 
programs allow the user to print a predetermined 
number of pages on a single sheet. This capability 
of printing multiple pages onto a single sheet is 
referred to as "number-up" of pages. The page 
description programs offering "numt>er-up" capa- 
bility generally offer only tiie choice of printing 
certain combinations of pages onto a sheet such as 
two, four, or eight pages. Additionally, such pro- 
grams lack the flexibility to adapt the program to 
randomly selected sizes of pages and sheets. 

Therefore it is desirable to provide a method 
and apparatus which allows a user to print any 
desired combination of pages onto a sheet. 



SUMMARY OF THE INVENTION 



Objects and advantages of the invention will be 
set forth In part in the description which follows, 
and in part will be obvious from the description, or 
may be leamed by practice of the invention. The 
objects and advantages of the Invention may be 
realized and attained by means of the instrumental- 
ities and combinations particularly pointed out In 
the appended claims. To achieve the objects and 
in accordance with the purpose of the invention, as 
embodied and broadly described herein, a method 
for printing a predetermined number of pages on a 
single sheet, wherein each of the pages is repre- 
sented by a page description specifying the con- 
figuration of a page to be printed; comprises the 
steps of computing the area on the sheet available 
for printing; selecting a test number of pages equal 
to tiie predetermined number of pages; determin- 
ing a plurality of grid configurations, each of the 
contigurations defining a given number of grid 



areas for printing pages therein, the given number 
of grid areas having a value equal to the test 
number of pages; calculating scale factors to es- 
tablish the size of a page to be printed from one of 

5 said page descriptions as the size of one of the 
grid areas in each of tiie plurality of grid configura- 
tions; determining the grid configuration having the 
largest scale factor; calculating, using the grid con- 
figuration having the largest scale factor, the per- 

70 cent surface area of tiie sheet covered by a num- 
ber of grid areas equal to the test number of 
pages; comparing the percent surface area to a 
predetermined percentage; incrementing tiie test 
number of pages; and repeating tiie steps of deter- 

75 mining a plurality of grid configurations, calculating 
a scale factor, determining the grid configuration 
having the largest scale factor, calculating percent 
surface area, and comparing the percent surface 
area covered to the predetermined percentage, the 

20 incrementing and repeating step being conditioned 
on the precent surface area having a value less 
than tiie predetermined percentage; and printing, in 
response to the percent surface area having a 
value equal to or greater than tiie predetermined 

25 percentage, tiie predetermined number of pages 
on the sheet using the largest scale factor. 

In another aspect of the invention, to achieve 
the objects and in accordance with tiie purpose of 
the invention, as embodied and broadly described 

30 herein, an apparatus for printing a plurality of 
pages on a single sheet comprises means for 
generating pages in tiie page description format; 
means for transmitting a print request; means re- 
sponsive to the print request for printing the pages 

35 on a sheet; means for scheduling the transmitted 
print request; means for storing the pages in re- 
sponse to the generating means; means for deter- 
mining a plurality of grid configurations, each of the 
grid configurations defining a plurality of grid areas 

40 for printing pages therein, for calculating scale fac- 
tors to establish the size of a page to be printed 
from one of the page descriptions to fit in one of 
the grid areas and each of the plurality of grid 
configurations, and for determining one of the plu- 

45 rality of grid configurations having a percent cov- 
erage of the sheet surface area greater than a 
predetermined percentage; means for generating 
Instructions for printing out the plurality of pages in 
corresponding grid areas of the grid configuration 

50 having a percent coverage of tiie sheet surface 
area greater than a predetermined percentage; and 
tiie printing means including means for interpreting 
the instructions and for ' printing the plurality of 
pages on the single sheet in response to the inter- 

55 preting means. 

The accompanying drawings, which are incor- 
porated in and constitute a part of this specifica- 
tion, iilustrato one embodiment of the invention. 
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and. together with the description, serve to explain 
the principles of the invention. 



work 18 shared with similar computer systems. 

The invention includes means for generating 
pages in a page description format. In the preferred 
embodiment, the page generation means com- 
prises elements for computer system 10, including 
an application program 20, a print data storage unit 
22. a print command receptor 24, a Job controller 
26. a print symblont 28, a device control library 30, 
and translators 32. 

Application program 20 produces data files to 
be printed which consist of one or more pages. In 
the preferred embodiment such pages can consist 
of any conventional output format such as' ANSI 



files, ReGIS graphics, or output for graphic termi- 
nals such as Tektronix type 4010/4014 devices. For 
efficient utilization of capabilities of printer 12, ap- 
plication program 20 should output the data files in 
any well-known* page description language. In the 
preferred embodiment the page description lan- 
guage output by application program 20 is the 
same page description language utilized by printer 
12 so no translation is necessary. 

A page description language produces page 
descriptions which, when received by the printer, 
are transformed into a bit map graphics Image. 
Page descriptions are executable programs written 
in the page description language being utilized. 
The result of execution of a page description is a 
bit map graphics image which is submitted to the 
print engine in an appropriate fonm for printing on a 
sheet. Interpreter 14 executes tiie page descrip- 
tions provided to printer 12. Preferably, print en- 
gine 16 is a raster scan type laser printer. There- 
fore, the output of Interpreter 14 will be in raster 
scan format. 

Print command receptor 24 is comprised of a 
terminal or other interrupt device for sending a 
print request to job controller 26. Print command 
receptor 24 transmits a print request to the job 
controller 26. A user may enter a print request at a 
terminal or an Interrupt may be entered automati- 
cally through application program 20 with a print 
request. The print request consists of an instruction 
to print a specified file along with parameters con- 
trolling certain aspects of the printing process and 
acting as variables for storing information in tiie 
preferred embodiment. 

Job controller 26 schedules and processes 
print requests for print symblont 28. Print symblont 
28 is a component of computer system 10 which is 
responsible for manipulating the print files, tran- 
slators and device control modules for transmission 
to the printer 12. In the preferred embodiment, tiie 
print symblont transmits print files written In a page 
description language such as PostScript® by Ado- 
be. These files should consist of page descriptions 
written in a page description language utilized by 
printer 12. 

PosfS^^'^Pt® Language Reference Manual 
by Adobe Systems Ina, copyrighted in 1986, 
PostScript® Language Tutorial and Cookbook by 
Adobe Systems, Inc.. copyrighted in 1986 are 
so hereby incorporated by reference for a more de- 
tailed understanding of the page description lan- 
guage utilized in the prefen-ed embodiment. 

When a file to be printed is stored In print data 
storage unit 22 in a format other than a page 
55 description written In a page description language, 
an appropriate translator module is downloaded 
from translator storage 32 Into print symblont 28. 
Print symblont 28 then transmits the translator 
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Fig. 1 is a diagram of a system which illus- 
trates the general operating environment of a pre- 
ferred embodiment of the present invention; io 

Rgs. 2A. 2B and 2C illustrate progressive 
stages in determining grid configurations In accor- 
dance with the operation of the preferred embodi- 
ment; 

Rg. 3 is a logic flow diagram of the overall rs 
operation of the preferred embodiment; 

Rg. 4 is a general flow diagram of the steps 
for determining the page configuration in tiie pre- 
ferred embodiment 

Fig. 5 is a more detailed flow diagram of the 20 
fit-grid procedure block of Rg. 4; 

Figs. 6A and 6B, when placed one above the 
other, are a flow diagram of the fit-pages procedure 
block of Rg. 4; and 

Figs. 7A - 7P illustrate various sequences of 25 
pages in both portrait and landscape orientation on 
a sheet in tiie preferred embodiment of the present 
invention. 

30 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 



Reference will now be made In detail to the 3S 
present preferred embodiment of tiie invention, an 
example of which is illustrated in the accompany- 
ing drawings. In the drawings like reference char- 
acters refer to like elements. Rg. 1 illustrates the 
general operating environment of a preferred em- 40 
bodiment of the present invention. A computer sys- 
tem 10 is coupled to a printer 12 which is com- 
prised of an interpreter 14 and a print engine 16. 
The link between computer system 10 and printer 
12 may be via an intervening communications net- 45 
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module to Interpreter 14 to translate the print data 
file into page descriptions in a page description 
language. 

When interpreter 14 has translated the data file 
Into a series of page descriptions written in a page 
description language, print symblont 28 imple- 
ments any functions specified by the print request 
transmitted by print command receptor 24. That is, 
print symblont 28 prepares print files and device 
control modules to be transmitted to printer 12 so 
that the output specified by the print request is 
produced by printer 12. For example, the print 
request selects a specific size of paper on which 
the pages should be printed. In order to implement 
the functions specified by the print request print 
symbiont 28 downloads modules from device con- 
trol library 30 and sends them to interpreter 14. 
The modules contain the necessary commands for 
printer 12 to select the paper size. 

Initially, a user submits a print request which 
includes an instruction to print multiple pages 
stored in print data storage unit 22 onto a single 
sheet of paper. Normally, only one page will be 
printed on a single sheet generated as output by 
the printer. The instruction to print multiple pages 
is entered into the print request by specifying the 
parameter, or variable, referred to as "number-up". 

The parameters set in the print request define 
the output produced by printer 12, When specify- 
ing the "number-up" parameter the user may in- 
clude other parameters which modify the process- 
ing of the "number-up" parameter. If "number-up" 
Is specified without any additional parameters 
which modify "number-up", print symbiont 28 will 
dynamically fit the number of pages specified by 
the "number-up" parameter on a sheet. The pre- 
ferred embodiment of the present invention Insures 
that a certain threshold percentage value of sheet 
coverage Is obtained by the dynamic page fitting 
algorithm. Preferably, additional parameters may 
be specified such as the ability to alternate margins 
between opposite edges of the sheet surface area 
for successive sheets. This enables, for example, 
the user to provide room for binding each of the 
sheets so that they face each other. 

The number of pages printed out on the sheet 
will be equal to the "number-up" specified by the 
user unless the user specifies the last page to be 
printed on a sheet. If the last page or the first page 
is specified, then a number of pages less than the 
parameter "number-up" will be printed. In this 
case, blanks will be left on the sheet where pages 
could be placed. 

A page is an indivisible image of a portion of a 
document. When the document is generated, each 
page Is intended to be printed on a separate piece 
of paper. As used herein, a page refers to the 
amount of data designated by the application pro- 



gram to be printed on a single sheet of paper. 

As defined herein, a sheet refers to a piece of 
paper or print surface onto which print engine 16 
prints an image or images. A sheet is normally 
5 considered to be one piece of paper output by 
printer 12. 

In the present Invention, the user may override 
the default setting of printing a single page onto a 
single sheet: and instead, print a multiple number 

10 of existing pages onto a single sheet. Conventional 
applications for this feature Include printing two 
pages onto a single sheet wherein these pages are 
facing pages from a document. Thus, a document 
which was originally generated by the application 

76 program to occupy a given number of sheets equal 
to the number of pages may be printed according 
to the present Invention with half as much paper by 
printing two pages to a sheet. This capability does 
not require any modification of the document. 

20 The present invention is not limited to a finite 
combination of pages per sheet and/or respective 
sizes of pages and sheets. That is, the present 
Invention only requires that the user specify the 
number of pages per sheet, after which, the meth- 

25 od and apparatus will specify a page layout maxi- 
mizing the usable area on the sheet and the size of 
the pages printed onto the sheet, i.e., maximize the 
scale factor used to print the page from the data 
file onto the sheet. Preferably, the present invention 

30 does not alter the aspect ratio of the pages. 

Rgs. 2A, 2B and 2C illustrate progressive 
stages in the operation of the prefenred embodi- 
ment of the present Invention. In this example, a 
user has specified within the print request that the 

35 parameter "number-up" is equal to 13. No other 
features have been specified in the print request 
for this example. 

In Rgs. 2A, 2B and 2C, sheets 34. 36 and 38, 
respectively, are shown with sample grid configura- 

40 tions 40, 42 and 44. Grid configurations 40, 42 and 
44 define grid areas 46 of equal size within respec- 
tive grid configurations 40. 42. and 46 but each 
grid configuration 40. 42 and 46 has different size 
grid areas from the other grid configurations 40. 42 

45 and 46. Pages are scaled and printed in each of 
the grid areas 46. 

Sheet 34 illustrates the situation where an at- 
tempt is made to fit 13 pages onto a single sheet. 
Grid 40 Is defined by the factors 1 and 1 3 which Is 

50 the only factorization of 13. These factors represent 
the horizontal and vertical number of grid areas 46. 

Sheet 34 (Rg. 2A) has a large amount of 
unused available surface area for printing, i.e., for 
letter sized pages and sheet the percent of the 

55 surface area covered is 13.3%. By utilizing a grid 
configuration 42 (see Rg. 2B) defined by the fac- 
tors 2 and 7, a grid configuration 42 is achieved in 
which pages may be printed into grid areas 46 of 
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grid configuration 42 of Rg. 2B. The scale factor 
used to scale the pages to fit into grid areas 46 of 
grid configuration 42 is equal to 0.168 and is larger 
than the scale factor. 0.090. necessary to fit pages 
into grid areas 46 of Fig. 2A in grid configuration 
40. Moreover, a substantially greater percentage of 
the surface area of sheet 36 is covered, 49.3%. by 
grid configuration 42 than by grid configuration 40 
of sheet 34 of Rg. 2B. 

An even greater percentage of sheet surface 
area may be covered by a grid configuration hav- 
ing the dimensions 3 x 5 as is the case with grid 
configuration 44 on sheet 38 (see Rg. 2C). How- 
ever, grid configuration 44 utilizes a larger scale 
factor. 0.227. and covers more of the surface area 
of sheet 38. 96.6%, than grid configuration 42 of 
Rg. 2B. 

Therefore, the result of the print request speci- 
fying the parameter "number-up" In the current 
example would be the grid configuration 44 printed 
on sheet 38. Given that no other parameters have 
been specified, the default setting for the present 
invention is preferably to print 13 pages within the 
15 grid areas 46 of Rg. 2C. In this example, if the 
user sets the parameters "pages-per-sheet" or 
"first-page-on-sheet", even fewer pages will be 
printed corresponding to the parameter "pages- 
per-sheet" and more than two of the grid areas will 
be left blank. 

As illustrated by the flow diagram of Rg. 3. the 
first step, according to a preferred embodiment of 
the invention, is computing the area on the sheet 
available for printing (step 50). Preferably, in order 
to calculate the area available for printing on the 
sheet, the area occupied by the margins is sub- 
tracted from the total sheet area. These margins 
may be set by the user so that one is larger than 
the other to accommodate binding or holes 
punched in one edge of a sheet. Additionally, some 
margin is necessary if the manufacturer of printer 
12 recommends that the entire sheet area is not 
printed upon by print engine 16. The. user may also 
designate the wider margin provided to accom- 
modate for binding or holes being punched al- 
ternate edges between sheets, however, this capa- 
bility does not influence the computation of avail- 
able area for printing on the sheet 

The broad steps to be followed in producing a 
sheet having a plurality of pages printed thereon 
include determining the page configuration (step 
52). Once the page configuration on the sheet has 
been defined (step 52), the pages are sent to 
printer 12 (step 54). Interpreter 14 then translates 
the page descriptions into raster scan data for print 
engine 16 (step 56). 

In order to invoke the present invention, a print 
request is given through print command receptor 
24 to job controller 26. Job controller 28 schedules 



when the print request will be performed by print 
symbiont 28. The print request includes param- 
eters such as the "number-up" or number of pages 
which should be printed on the single sheet. Alter- 

5 natively, the user can specify a specific grid con- 
figuration, such as, anyone of the grid configura- 
tions of Rgs. 2A, 28 and 20, for example, for 
printing the pages onto the sheet. 

The first level of decision in determining the 

70 page configuration (step 52) comprises determining 
if the parameter "page-grid" has been specified in 
the print request (step 60, as illustrated in Rg. 4). If 
the user has specified tiie grid configuration, the 
procedure fit-grid is implemented (step 68) as 

IS shown in detail in Rg. 5. If the user has not 
supplied the grid configuration which will define 
how the pages are printed onto the sheet, the 
procedure fit-pages will be Implemented (step 64) 
as shown in detail in Rgs. 6A and 68. 

20 Before implementing the procedure fit-grid 

(step 68) the boolean variable "is-portrait" Is 
checked to see if it is true or false. Portrait orienta- 
tion is defined so the X coordinate or dimension of 
the page coordinate system is parallel to the short 

25 edge of the page, the Y coordinate is parallel to the 
long edge of the page and tiie origin is at the 
bottom left-hand corner of the page. Landscape 
orientation is defined so the Y coordinate of the 
page is parallel to the short edge of the page, the 

30 X coordinate is parallel to the long edge and the 
origin is at the bottom left-hand comer. If the pages 
are not to be printed in portrait fashion but rather in 
landscape orientation, the grid dimensions speci- 
fied by the print request are switched (step 66). 

35 The basic purpose of the fit-grid procedure, 

according to the present invention, is calculation of 
scale factors to establish the size of a page to be 
printed from one of the page descriptions as the 
size of one of the grid areas in a grid configuration. 

40 Preferably, the procedure fit-grid calculates a scale 
factor for the full size grid configuration oriented in 
the same way as the sheet. 

As illustrated in Rg. 5. the first step in the 
procedure fit-grid is to multiply the stored page 

45 description page dimensions with the correspond- 
ing grid configuration dimensions (step 70). These 
products (step 70) are equal to the dimensions of 
the grid configuration being considered by fit-grid 
having grid areas with full sized pages therein. 

50 The orientations of the resultant grid configura- 

tion and the usable sheet area are then compared 
to determine if they are the same (step 72). Step 
72 consists of comparing the aspect ratios. That Is, 
the aspect ratio of the length and width of the grid 

55 configuration with full-size pages is compared to 
the aspect ratio of the usable area of the sheet. If 
the longest dimension of the grid configuration with 
full-size pages is parallel to the longest dimension 
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of the sheet i.e.. their lengths are parallel, then the 
grid configuration with full-size pages and usable 
area of the sheet are oriented the same way. if the 
X coordinate dimension of the result of the mul- 
tiplication of the grid configuration dimension with 
the page description page dimension is greater 
than the corresponding Y dimension product from 
step 70 and the X coordinate dimension of usable 
sheet area and Y coordinate dimension of the us- 
able sheet area share the same relationship (step 
72) then the orientations are the same, if the ori- 
entations are not the same, l.e., aspect ratios are 
not equivalent, then the orientation of the grid 
should be switched so that its longest dimension 
corresponds to the longest dimension of the usable 
sheet area (step 74). Preferably, when the grid 
orientation is switched a boolean variable, 
"switched", should be set. 

After the orientations of the grid configuration 
with full-size pages and usable sheet area are 
matched up through comparison of aspect ratios, 
the scale factors for the corresponding dimensions 
of the scaled up page, calculated In step 70, are 
determined in steps 76 and 78. This requires that 
the corresponding dimension of the sheet area be 
divided by the corresponding dimension of the 
scaled up grid configuration from step 70 or, if 
switched, from step 74. Therefore, the scale factor 
is calculated for the dimensions in the X direction 
and the dimensions and the Y direction. 

The minimum of the X and Y scale factors from 
steps 76 and 78 are retained and compared (step 
80). This comparison gives the largest usable scale 
factor for pages which are to be fit into the current 
specified grid configuration. 

The smallest scale factor indicates the largest 
possible scale factor for the specified grid configu- 
ration dimensions (step 82). This scale factor is 
retained as the result of the fit-grid procedure. 
Utilization of a scale factor larger than the minimum 
scale factor for one of the dimensions would result 
In the dimension having the smallest scale factor 
fall outside the usable area of the sheet. That is, 
the dimension having the smallest scale factor 
would be scaled up beyond what was calculated in 
the fit-grid procedure steps 70 through 78 as being 
the appropriate scale factor for a page in the speci- 
fied grid configuration. 

Referring to Rg. 3, if a user specifies a grid 
configuration the step of determining the page con- 
figuration (step 52) is complete after the fit-grid 
procedure is implemented. 

As illustrated in Rg. 4, if the user has not 
supplied a grid configuration (step 60). the proce- 
dure fit-pages is implemented (step 64). The pro- 
cedure fit-pages is illustrated in Rg. 6 and 6B. The 
procedure fit pages is a dynamic page fitting pro- 
cess which utilizes the procedure fit-grid to deter- 



mine scale factors within the fit-pages procedure. 

According to the invention, the variable 
"number-up" is set by the user in the print request 
to indicate the number of pages which the user 

5 wishes to print on the sheet. In the print request 
the user may specify less than the "number-up" 
number of pages are printed on the sheet. That is, 
In the print request the user may specify the num- 
ber of pages per sheet so remaining grid areas are 

10 left blank at least up to the "number-up". Also, a 
parameter in the print request can be set to start 
printing in a grid area other than the first, leaving 
the proceeding grid areas blanl(. In the preferred 
embodiment both parameters for the pages per 

75 sheet and the first page printed may operate with a 
spedfied grid configuration. 

. .The variable "number-up" is used In the pre- 
fenred embodiment of the present invention as a 
test number of pages which is equal to the pre- 

20 determined number of pages to be printed on the 
single sheet. During the dynamic page fitting pro- 
cess "number-up" may be incremented to achieve 
a better fit of pages on the sheet, but only the 
number of pages specified originally will be print- 

25 ed. 

The first step of the fit pages procedure ac- 
cording to the preferred emtxxiiment of the present 
invention Is determining a plurality of grid configu- 
rations, each of the configurations defining a given 

Qo number of grid areas for printing pages therein, the 
given number of grid areas having a value equal to 
the test number of pages. Preferably, p^rs of non- 
negative whole number factors for the test number 
held in the variable "number-up" define the plural- 

35 ity of grid congigurations. That is, these pairs of 
factors specify the dimensions of the^ grid configu- 
ration wherein one of the factors specifies the num- 
ber of grid areas along one edge of the grid 
configuration, and the other factor specifies the 

40 number of grid areas along an adjacent edge. 

Once the factors defining the grid configuration 
have been calculated (step 100), the fit-grid proce- 
dure is implemented In accordance with the inven- 
tion for calculating scale factors to establish the 

45 size of a page to be printed from one of the page 
descriptions as the size of one of the grid areas in 
each of the plurality of grid configurations. In the 
preferred embodiment of the invention, the calcula- 
tion of scale factors requires implementing fit-grid 

50 for each pair of factors and then comparing the 
most recently obtained scale factor from fit-grid to 
the scale factor retained as the currently largest 
scale factor in the fit-page procedure (steps 104 
and 106). The process of implementing the fit grid 

55 procedure for the factorizations of the current test 
number of pages defined by the parameter 
"number-up" is continued until the last factorization 
is reached for the current test number of pages 
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(steps 108 and 109). 

According to the preferred embodiment of the 
invention, the next step is calculating, using the 
grid configuration having the largest scale factor, 
the percent surface area of the sheet covered by a 
number of grid areas equal to the test numt>er of 
pages. Preferably, the grid configuration having the 
largest scale factor Is retained from steps 102-109 
for calculation of the percent surface area covered. 

The resultant percent surface area covered is 
then used, in accordance with the invention, for 
comparing the percent surface area to a predeter* 
mined percentage. In the preferred embodiment, 
the percent of available sheet area covered by the 
grid configuration with the largest scale factor for 
the current test number of pages should be greater 
than 75% for effective use of the sheet surface 
area (step 112). 

The cutoff of 75% Is an empirical value, deter- 
mined by studying best fits for grids of different 
sizes. It seems to be a good tradeoff between the 
desire for the absolute best fit, and the need for 
fast execution. Making the value lower would result 
in finding fits faster, but they would not be as good, 
Malcing the value higher would result in better fits, 
but would take longer to find them. 

Accordingly, on condition that the percent sur- 
face area has a value less than the predetermined 
percentage, the steps of incrementing the test 
number of pages and repeating the steps of deter- 
mining a plurality of grid configurations, calculating 
scale factors, determine the grid configuration hav- 
ing larger scale factor,calculatlng the percent sur- 
face area, and comparing the percent surface area 
covered to the predetermined percentage are per- 
formed. In the preferred embodiment, steps 100- 
114 wilt be implemented until the percent available 
sheet area covered by the grid configuration having 
the largest scale factor for the current test number 
stored in "number-up" is greater than or equal to a 
predetermined percentage, which preferably is 
75% (step 112). 

As discussed previously, the user has the op- 
tion of specifying a number of pages printed on a 
single sheet less than the number of pages 
originally specified in the print request. As illus- 
trated in Fig. 8, the user specifies this feature by 
setting the parameter "pages-per-sheet" in the 
print request to the desired number of pages per 
sheet (step 120). When this parameter is not speci- 
fied in the print request, the default setting is to set 
the variable "last-page** to one less than the pa- 
rameter "number-up" from the pring request (step 
122). Hence the number of pages equal to the 
parameter "pages-per-sheet" are printed into cor- 
responding grid areas, (one page per grid area), 
defined by the grid configuration having the largest 
scale factor (step 124) (the variable "last-page" is 



decremented because it is a zero based variable). 

Refemng to Rgs. 7A-7P, in the preferred em- 
bodiment, there are eight different page sequences 
or orders for each orientation (portrait or landscape) 
5 that can be specified. Each has a primary scan 
direction indicated by solid arrows and a secondary 
scan direction indicated by dashed anrows. Each 
direction must be either up, down, right or left, and 
perpendicular to each other. 
10 The page sequence or order manipulations in 

the preferred embodiment of the present invention 
are based on the observation that one of the two 
scan directions must be horizontal (left or right), 
and one must be vertical (up or down). The resul- 
ts tant eight different page orders are characterized 
by three boolean values which are assigned to 
Individual variables. The first variable ("down- 
present?") is true if the vertical direction is down 
rather than up. The second variable ("right- 
20 present?") is true if the horizontal direction is right 
rather than left. The third variable ("rl-first?") is true 
if the primary or first scan direction is the horizontal 
direction. 

Initially, an integer between 0 and 7 is as- 

25 signed to each page order. The selected integer is 
the value of the three booleans packed together so 
that the one's bit represents "down-present?", the 
two's bit represents "right-present?", and the four's 
bit represents "ri-first?". The two letter combination 

30 passed via the procedure set-page-order and 
searched for it in a string used as a table. The 
string contains the eight two letter combinations 
corresponding to the eight page orders or se- 
quences, each followed by a value. The value 

QS portion of the string immediately following the two 
letter combination is the value desired for designat- 
ing the page order. This value is located, read, and 
assigned to the variable "page-order-bKs" which is 
comprised of the three boolean values. 

40 The sheet coordinate system is the default 

page description language coordinate system for 
the upper, i.e., the coordinate system in which 
layup is invoked. Its origin is at the lower left 
corner of the paper, and Its units are points (1/72 

45 inch). This coordinate system is used to describe 
things that relate to the paper, such as sheet mar- 
gins, margin altemation. etc. 

The page coordinate system is the coordinate 
system in effect when the page begins execution. It 

50 may be oriented differently than the sheet coordi- 
nate system, and will almost certainly have dif- 
ferent units. This coordinate system is the system 
in which the document is'executed, and is used to 
describe things that relate to the page. 

55 The reader's coordinate system is not really a 

mathematical coordinate system at all In that it is 
used for specifying directions like up and down, 
but has no origin and no units, since no distances 
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are ever measured In it If the paper is held so that 
the material printed on it is right-side up, then the 
reader's coordinate system's up direction points 
up, and the right direction points right. This coordi- 
nate system is used to describe things that relate 
to the user's perception of up and down, such as 
the page ordering. The reader's coordinate system 
can vary from the page coordinate system when 
landscape printing is being used. 

The directions specified for the page order or 
sequence are relative to the reader's coordinate 
system. In some circumstances, the reader's co- 
ordinate Is rotated by 80 degrees from the sheet's, 
i.e.. the reader holds the left edge of the sheet at 
the top. In order to property interpret the specified 
page sequence directions, they must be converted 
to be relative to the sheet's coordinate system, 
since the preferred embodiment of the present 
invention is based in the sheet's system. 

The sheet's coordinate system will be different 
from the reader's if either the pages are landscape, 
or the pages' coordinates are rotated from the 
sheet's, but not both (they cancel each other out if 
both are true). It is determined if this condition 
holds (by examining "switched?" from the fit-grid 
procedure and "is-portrait?"), and if it does, small 
anray is used as a table to convert our current 
"page-order-bits" into a rotated value. Now the 
directions are relative to the sheet's coordinate 
system. 

Once the proper directions have been deter- 
mined for the page order, the bits are split up into 
individual boolean values by masldng each bit in 
turn. These values will be used later when the 
translations are determined for each grid area. 

At this point, the dynamic page fitting process 
as described in connection with Rg. 6, has speci- 
fied the layout of pages on the sheet by determin- 
ing a scale factor and the orientation of the page in 
the grid configuration chosen. Accordingly, the next 
step, is printing, in response to the percent surface 
area having a value equal to or greater than the 
predetermined percentage, the predetermined 
number of pages on the sheet using the largest 
scale factor. Preferably, interpreter 14 In printer 12 
has a transformation matrix which transforms the 
users coordinate system, defined by the page de- 
scription language, into a coordinate system spe- 
cific to print engine 16. 

This transformation matrix transforms the page 
coordinate system into the device or printer coordi- 
nate system. Thus the position of a page on a 
sheet may be controlled by replacing the trans- 
formation matrix stored in the printer with a trans- 
formation matrix specific to each page prior to 
printing the corresponding page. Therefore, before 
each page description is sent to the printer, a 
corresponding page matrix is installed into printer 



12 having components for causing the page to be 
scaled to fit into a grid area, translated into the 
position of the current grid area, and rotated to 
correspond to the appropriate orientation in the grid 
6 area. 

The components of the transformation matric- 
ies specified to each page will be the same for 
each page of multiple pages being printed on a 
single sheet, except the translation component 

10 which positions the pages will vary to correspond 
to the position of each page in the conresponding 
grid area of the grid configuration. The resulting 
matrix instructs the print engine where on the sheet 
to print the page image. After that page image is 

IS printed another transformation matrix is installed to 
position a successive page on the same sheet 
Preferably, these replacement transformation 
matricies are arranged in a single array for installa- 
tion into printer 12 according to the page order set 

20 for the sheet 

Pages are printed on a sheet in this manner 
until the end of the print data file. At this time 
symblont 28 sends down a device control library 
module from device control library 30 for printer 12 

25 to eject the sheet 

It will be apparent to those skilled in the art that 
various modifications and variations can be made 
to the apparatus for and method of printing a 
predetermined number of pages on single sheet 

30 without departing from the scope or spirit of the 
invention such as utilizing a photographic typeset- 
ter. LED printer or inl< jet for print engine 16. Thus 
it is intended the present Invention cover the modi- 
fications and variations of this invention provided 

35 they come within the scope of the appended 
claims and their equivalents. 



Claims 

40 

1 . A method for printing a predetermined num- 
ber of pages on a single sheet, each of said pages 
being represented by a page description specifying 
ttie configuration of a page to be printed, said 
45 method comprising the steps of: 

computing the area on said sheet available for 
printing; 

selecting a test number of pages equal to said 
predetermined number of pages; 

50 determining a plurality of grid configurations, each 
of said configurations defining a given number of 
grid areas for printing pages therein, said given 
number of grid areas having a value equal to said 
test number of pages; 

55 calculating scale factors to establish the size of a 
page to be printed from one of said page descrip- 
tions as the size of one of said grid areas in each 
of said plurality of grid configurations; 
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determining the grid configuration having the larg- 
est scale factor: 

calculating, using the grid configuration having the 
largest scale factor, the percent surface area of the 
sheet covered by a number of grid areas equal to 
said test number of pages; 

comparing said percent surface area to a predeter- 
mined percentage; 

incrementing said test number of pages and re- 
peating said steps of determining a plurality of grid 
configurations, calculating scale factors, detenmin- 
ing the grid configuration having the largest scale 
factor, calculating percent surface area, and com- 
paring the percent surface area covered to said 
predetermined percentage, said incrementing and 
repeating step being conditioned on said percent 
surface area having a value less than said pre- 
determined percentage: and 
printing, in response to said percent surface area 
having a value equal to or greater than said pre- 
determined percentage, said predetermined num- 
ber of pages on said sheet using said largest scale 
factor. 

2. A method according to claim 1 wherein said 
printing step further comprises the substeps of: 
utilizing a transformation matrix in the printer to 
transform the coordinate system of said page de- 
scriptions to a printer dependent coordinate sys- 
tem; and 

installing a new transformation matrix in said print- 
er, for every page to be printed on said sheet, said 
matrictes having components corresponding to re- 
spective pages, said components causing the sub- 
steps of: 

rotating corresponding pages to fit into a grid area 
when printed; 

scaling corresponding pages by said largest scale 
factor: and 

translating corresponding pages to grid areas cor- 
responding to the position of each of said pages on 
said sheet. 

3. A method according to claim 2 wherein said 
step of printing further Includes the substep of 
alternating margin positions from one edge of a 
sheet to an opposite edge of the surface of said 
sheet. 

4. A method according to claim 1 wherein said 
step of calculating the available surface area in- 
cludes the substep of subtracting the area of mar- 
gins from the total surface area available on the 
sheet. 

5. A method according to claim 1 wherein said 
step of determining a plurality of grid configurations 
includes the substeps of factoring said test number 
into pairs of factors and using the positive whole 
number factors as designations of the number of 
grid areas on adjacent sides of a grid configuration. 



6. A method according to claim 1 wherein said 
step of determining a plurality of grid configurations 
includes the substep of establishing each grid con- 
figuration with said grid areas having equal areas. 

5 7. A method according to claim 1 wherein said 

step of printing said predetermined number of 
pages includes the substep of printing a number of 
pages less than said predetermined number. 

8. An apparatus for printing a plurality of pages 

10 on a single sheet comprising: 

means for generating pages In a page description 
format 

means for transmitting a print request 
means responsive to said print request for printing 
75 said pages on a sheet; 

means for scheduling said transmitted print re- 
quest 

means for storing said pages in response to said 
generting means; 

20 means for determining a plurality of grid configura- 
tions, each of said plurality of grid configurations 
defining a plurality of grid areas for printing pages 
therein, for calculating scale factors to establish the 
size of a page to be printed from one of said page 

25 descriptions to fit in one of said grid areas in each 
of said plurality of grid configurations, and for de- 
termining one of said plurality of grid configurations 
having a percent coverage of said sheet surface 
area greater than a predetermined percentage; 

30 means for generating instructions for printing out 
the plurality of pages In corresponding grid areas 
of said grid configurations having a percent cov- 
erage of said sheet surface area greater than a 
predetermined percentage; and 

35 said printing means including means for interpret- 
ing said instructions and for printing said plurality 
of pages on the single sheet in response to said 
interpreting means. 

40 
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